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Abstract 
 Vacuum insulation panels (VIP) combine high thermal performance with minor thickness making them fit for building retrofit. 
However, consisting of a fumed silica core at low air pressure (near vacuum) encapsulated by a protective aluminum containing 
covering, they are prone to puncturing which inadvertedly increases the internal air pressure and thus worsens the thermal 
performance. In addition to failure by puncturing, it remains unclear under which hygric circumstances VIPs degrade in time and 
how this is influenced by the Sd-value of the protective foil and thermal performance of the VIP. Therefore in this study the 
behavior of VIPs was monitored under various climates for measurement periods up to several years, allowing for a realistic 
assessment of the Sd-value of the foils and the degradation in time. Frequent gravimetric measurements were performed on 46 
VIPs stored under ambient conditions and in climate chambers for periods up to 4 years. Based on EN ISO 12572 [1] the equivalent 
µd-values of the MF-2 foils were determined. Comparing measurement results to literature it is found that water vapor diffusion 
resistances µ are in the range of 2.66 – 7.03 . 10^7 for MF-2 type foils. Overall, it can be concluded that hygrothermal loading for 
extended periods has a limited effect on the stability of the foil in time, ensuring the applicability of VIPs in building components. 
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1. Introduction 
Vacuum insulation panels (VIPs), consisting of a fumed silica core at low air pressure encapsulated by a protective 
aluminum containing covering, provide very high thermal resistance (0.003 to 0.005 W/(m*K)) in a slender 
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composition. This makes them very suitable for building retrofit applications in which changes to the wall thickness 
have to be limited or floor area preserved. Wide scale use of vacuum insulation panels remains limited though, mainly 
due to the high initial investment required and their proneness to puncturing. Once punctured, the thermal performance 
worsens to 0.02 W/(m*K) due to the loss of vacuum. Next to the risk of puncturing, attention must be paid to the wall 
composition as the protective aluminum covering of the VIP acts as a vapor barrier in the wall, potentially leading to 
internal condensation and premature degradation of the structure. In addition to degrading the support structure, 
buildup of condensate could accelerate the degradation of the VIP, due to moisture diffusing into the VIP, leading to 
worsened thermal performance. It remains unknown to what extend VIPs are influenced by this hygrothermal loading 
and what influence seams in the covering foil have on the speed of vapor diffusion. 
This paper reports on experimental investigations on how VIPs degrade in time under different hygrothermal 
conditions both in ambient interior and controlled climate chamber conditions. Based on these measurements the Sd-
value of the aluminum covering was determined and compared to findings from literature. 
 
Nomenclature 
µ  Water vapour diffusion resistance factor (-)  
λ   Thermal conductivity (W/ (m*K)) 
p  Pressure (Pa) 
M%  Mass percentage (kg/kg) 
R.H.  Relative Humidity (%) 
Sd  Water vapour diffusion resistance (m) 
WVTRA Water Vapour Transmission Rate in Air (g/m²day) 
2. Context 
 Foils covering VIPs are usually composed out of PET, PE and Aluminum layers. Depending on the manufacturer 
the aluminum is an individual aluminum foil (10µm) encapsulated by a 40µm PET and 50µm PE layer, or is deposited 
on the PET by evaporation. In the latter case the aluminum layer has a thickness in the range of 20-40 nm and is 
covered by PET layers in the range of 16-25µm and a PE support layer of 50µm. Based on equations defined by 
Tenpierik [2] and Schwab [3], Baetens [4] theoretically calculated the increase in water content (M%) over time of 
VIPs in function of size and type of foil based on the assumption of a constant climate of 23°C and 70% R.H. and dry 
core density of 200 kg/m³ with a porosity of 90%, WVTRA of 0.0086 g/m²day (MF-2), no getters and  desiccants have 
been taken into account and one assumes that theVIP envelope properties remain the same. The results are given in 
Fig. . In his study it was found that smaller panels (MF X - 50 ) get faster increases in water  
 
content relative to larger panels (MF X - 100 ) with the same covering foil type due to a larger length of seams. To 
determine the equivalent water vapor diffusion resistance Sd (-) of the foil of the MF 2 - 100 panel tested by Baetens 
[4], iterative hygrothermal simulations were run using identical climate conditions. The MF – 2 foil consists of a total 
of 7 layers, 3 16µm thick PET layers, 3 20nm thick layers of deposited aluminum and a 50µm PE support layer. This 
type of panel is consistently used throughout the experiments in the paper. The water vapor diffusion resistance of the 
Fig. 1: Foil composition for AF, MF 1 and MF 2 type foils, source: Baetens [4] 
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core material was set to 1.287 (-), following numerical validations performed by Bonte [5]. The sorption curve of the 
core material was approximated by the WUFI numerical software package using a reference water content of 14.9 
kg/m³ and free water saturation of 53.52 kg/m³. In the study it is assumed that the VIP itself does not degrade. The 
results are reported in fig. 2 (b). Using this method and with the same assumptions as Baetens [4] the  equivalent water 
vapor diffusion resistance Sd of the foil covering the MF2-100 panel was found to be 1000 m including the effect of 
seams, with an overall foil thickness of 100 - 200 µm this gives a µ-value of 5 – 10 . 10^6 (-) . Measurements performed 
in Annex 39 [6] found water vapor transmission rates of 0.66 – 1.02 ng m-1 s-1 Pa-1 (µ = 11.10^6 to 7.10^6 (-)) for 
three layer metallized films, and 0.84 – 1.54 ng m-1 s-1 Pa-1 (µ = 8.7 10^6 to 4.7 .10^6 (-) ) for three layer metallized 
films with the seam at the center of the test specimen. The measurements were performed at 22.2 – 22.6°C between 
climates of 0% R.H. in the cup and 89.8 % R.H. in the chamber. From literature it can thus be concluded that the µ-
value of the foil with seams will be in the range 4.7 – 10 .10^6 (-). However, this does not account for effects of 
degradation of the foils which will lead to lower µ-values in time, nor is it known to what extend consistency is 
achieved over different manufacturers and product batches. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. Experimental determination of the Sd-value of the MF-2 type foil 
In order to accurately predict the hygrothermal behavior of vacuum insulation panels, long term measurements 
were performed on the Sd-value of the covering aluminum foil. All tested VIPs consist of foils with a total of 7 layers, 
3 16µm thick PET layers interlaced with 3 20nm thick layers of vapor deposited aluminum and a 50µm PE support 
layer (MF-2). The VIPs were placed in different hygrothermal climates for extended periods, see Table 1, weight 
measurements were taken at regular intervals to determine the accumulation of water vapor in the core material. All 
measurements were performed on the complete VIP, no separate measurements on the foils were performed, thus 
incorporating effects of seams. Research by Boucquerel [7] proved the reliability of the gravimetric method to 
determine the water vapour uptake for high quality laminates with metalized aluminium layers aged at high R.H. 
levels.  For the panels kept at room conditions a sensitivity study was performed of the equivalent Sd-value for climate 
class 1-4 in accordance with EN ISO 13788 [8] and an interior temperature of 20°C. Based on the 10 year averaged 
monthly exterior climate data for Uccle, Belgium in Table 2 the interior climate conditions of the storage room were 
determined. 
As the VIP comprises  an  interior   near-vacuum   only a very  small  air  and  vapor  pressure  is present in the   
Fig. 2: (a) Calculated increase of the total water content in VIPS in time, source: Baetens [4]; (b) Simulated increase in total water 
content in VIP covered with MF-2 type foil. 
 Glenn De Meersman et al. /  Energy Procedia  78 ( 2015 )  1574 – 1580 1577
 
                Table 1. Overview of test climates 
Dataset Climate Temp (°C) R.H. (%) # samples 
1 Room conditions   16 
2 Climate chamber 70 90 14 
3 Climate chamber 50 90 10 
4 Climate chamber 40 40 3 
5 Climate chamber 23 50 6 
Table 2: Above: Monthly averaged exterior temperature and relative humidity for Uccle, Belgium, Below: interior vapour pressure as            
determined from the monthly averaged exterior temperature and relative humidity, as a function of climate class. 
Exterior Jan Feb Mar April May June July Aug Sep Oct Nov Dec 
Average temp (°C) 3.4 4.3 6.9 10.7 13.9 17.1 18.7 18.3 15.3 11.7 7.6 3.7 
Average R.H. (%) 86.6 82.5 78.5 72.5 73.2 74.1 74.3 75.5 80.9 84.6 88.2 88.8 
 Average (Pa) Max (Pa) Min (Pa) 
Climate class 1 1211.195 1620.845 896.8106 
Climate class 2 1333.111 1638.226 1108.856 
Climate class 3 1455.026 1655.775 1310.612 
Climate class 4 1576.942 1678.933 1435.518 
core material.  In  addition, the presence of desiccants in the core material  further  lowers the vapor pressure. 
Measurements were performed on the rise in internal pressure in time using the foil lift-off method in which the 
vacuum is locally counterbalanced with an equally large underpressure, enabling the measurement of any pressure 
increase [4], the results after 1405 days are shown in figure 4. Overall the total internal pressure increased to a 
maximum of 740 Pa. Based on these results it was further assumed that the internal partial vapor pressure approximates 
0 Pa during the entire measurement campaign. 
 
Gravimetric measurements were performed on the VIPs for periods up to 1600 days, the results of which are 
provided in fig. 5 - 9 . Overall, all panels exhibit weight increase, indicating accumulation of both air and water vapor 
in the core material. During the test campaign at 70°C and 90% R.H. several panels experienced visual accelerated 
degradation due to delamination of the foil leading to rapid weight increase, these measurement points were omitted 
from further analysis. The largest relative weight increases are found in the panels kept at 70°C, 90% R.H., mainly 
due to delamination of the covering foils. Second to these are the panels kept at 50°C 90% R.H., for this climate no 
visual degradation was reported. However, as both conditions do not occur in typical constructions the results are 
presented solely for informative purposes.  
For the panels subjected to the other climates weight increases in the range of 0.14 – 0.6% are found with the 
Table 3. Determined average Sd-values for the VIPs after ageing under controlled climates for the specified amount of days. The average was 
made over several panels with the same dimensions. 
 Panel ID Size (mm) Thick 
(mm) 
Average mass 
at t=0 (g) 
Climate Average Sd-value (m) Days 
Climate 
class 1 
Climate 
class 2 
Climate 
class 3 
Climate 
class 4 
1 A - F 603x 603  20  1377.6 Ambient 
condition 
11270 12406 11708 14677 1602 
G - J 601x 601 10 745.69 13465 14822 16178 17535 1606 
K 567x 565 10 677.32 9469 10423 11377 12331 1405 
L - M 579x 569 30  1784.92 7026 7734 8441 9150 1391 
N - P 571x 569 20  1260.55 7220 7947 8675 9402 1362 
2 A - C 450 x 450  20 870.65 70°C 90% R.H. 1750 50 
D  450x400 20 776.89 Failure at start 118 
E – F 450x400 20 778 4856 103 
G - H 450x400 20 772.95 387 120 
I - K 450x400 20 786.35 1527 (visual failure) 83 
L - M 450x400 20 776 4091 33 
3 A-B 200x200  160.7 50°C 90% R.H. 4799 385 
C-D 500x500  959.4 5708 378 
E-G 300x246  165 4034 511 
H-J 576x523  1006.4 3542 339 
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4 A-C 300x246  156.9 40°C 40% R.H. 8724 867 
5 A-F 578x521  1010.05 23°C 50% R.H. 5315 339 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5: mass increase of VIPs at indoor ambient conditions as 
defined in table 2. 
Fig. 7: mass increase of VIPs at 50°C 90% R.H. 
Fig. 4: Total interior air pressure of the VIPs after 1405 days. 
Fig. 6: mass increase of VIPs at 70°C 90% R.H. 
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hygrothermally heavier climates (40°C – 40% R.H.) 
inducing higher relative weight increases. From this it can 
be concluded that for climates with high total vapor 
pressures, e.g. at condensation planes, an increased risk is 
evident on degradation of the panels due to higher vapor 
influx,  leading to worsened thermal performance. 
The water vapor diffusion resistances Sd were calculated following EN ISO 12572 [1] for the different vacuum 
insulation panels. The results are presented in table 3. For the panels kept at ambient conditions the minimal Sd-value 
of the foil is 7026 m averaged for the panels L-M, or a µ-value of 3.51 - 7.03 . 10^7 (-) for a foil thickness of 200 - 
100µm.  For the VIP placed in climate chambers the lowest measured Sd-value was 3542m, excluding the climate of 
70°C, 90% R.H..  For the more moderate climate of 23°C 50% R.H. a Sd-value of 5315m was found, equaling a µ-
value of 2.66 - 5.32 . 10^7 (-) for a foil thickness of 200 - 100µm. In fig. 2 Baetens [4] indicated lower equivalent Sd-
values for lager panels compared to smaller panels due to the larger surface area of seams. Analyzing the measured 
Sd-values in relation to the surface area of the covering foils no such direct correlation was found, shown in figure 10. 
For the panels kept at constant climate chamber conditions both increasing (samples 4-A-C) and decreasing (3-A&B 
and 3E till 3G) Sd-values are found with increasing presence of seams.   
 
 
 
 
 
 
 
 
 
 
 
 
4. Conclusions 
Based on long term gravimetric measurements of VIPs, Sd-values were determined for the covering Al-PE foils 
including the presence of seams and folds. Ageing of the VIPs was achieved by storing them under severe 
hygrothermal climates for periods up to several years. Although the climates are frequently used for the ageing of VIP 
foils the relationship between accelerated ageing and actual ageing remains ambiguous and it remains unclear to what 
extend accelerated ageing of a 3 year period is representative of realistic ageing in on-site conditions. Under ambient 
Fig. 10: Sd-value in function of circumference/area for VIPs stored in climate chamber conditions (l) and at ambient climate (r). 
Fig. 9: mass increase of VIPs at 50°C 90% R.H. Fig. 8: mass increase of VIPs at 40°C 40% R.H. 
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conditions the lowest Sd-value after 1391 days of storage was found to be 7026m, for climate class 1. For the VIP 
kept at constant climate chamber conditions of 23°C 50% R.H. the lowest Sd-values were found to be 5315m. This 
results in µ-values in the range of 2.66 – 7.03 . 10^7 (-), which is higher compared to findings from literature by almost 
an order of magnitude. Although severe climatic conditions can lead to delamination of the foil, less severe climate 
conditions typically found in building envelopes lead to relative weight increases up to 0.6% after 867 days at 40°C 
and 40% R.H., indicating limited to low risk of moisture buildup. 
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